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© Riboflavinoverproducing strains of bacteria. 



] © The present inven«on is directed to bacteria ™r f . Z^LX^^ 

^dotide sequence of the rib operon ^°^t^^rZ^ so that their production of riboflavin 
operon. Specifically, the invention relates , * ' »^*^ operon inserted and amplified .n tar 

and/or purines is deregulated. ^ w h 'ch have ^^^ le 6eregu\aXed by rep^y^ co^ 
chromosomal DMA. In a specific "^^JS^ta,. The bacteria, operons and sequences 
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R.BOFLAV.NOVERPRODUC.NG STRAINS OF BACTERIA 



10 



15 



nanism to -compete «*' *• "*J iLL^ces oeteoisiae ** pr °l uces I 696 (1978» report 
ranted (U.S. Patent No. 4.794.08,, Kjm « ^ ^ . 7 ^ ^00987)° « » 

„p:rr^^ 

„„.,„„ by Mir, « *■» «£ -iJSL,* ^^.SSSSSSS *° 
— 2."ote^r„n^ 

^^■£«vrr?» i«i "ro^^teSSC 

Morozov et al. (Mol. Genet, mi t a fourth "promoter that is °™y seco ndary 

promoters reported between tne no pnzvm e map for a 6.3 

'°«s o, o,. -no, «. ffiVSl te, » onovreo* 

i^sffls St, „n. 4. a« - - Tivrs ^ 

the primary promoter of the^ opwon and n ^ ^ m 5 open eadng ^ 

infra, Applicants ^^S^dSSed does not contain all of the *J^ r £^ndhfl 

rib operon, containing the pnmary promoter, p,. 
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ribF-ribA-ribT-ribD-p 3 .ribH A* h*f • • 

The present inventio ■ Pn ' mary re9ulator y 

Production of LfKn S; ' nVenti0n is directed *» bacteTa thT |^ h ^ ^« ^ 
inserted and SSSS 2 ^ ta dere 9"»ated, and to Sri lot h ™ tated 80 «« th <* 

dereguiated by rep act T^*™^™" DNA " ™ ^e rioT ° f " b ° per ° n 
70 sion. The hanLriJ ol re 9 ,or »s with sequences that »iu b operon itse,f can be 

The present invention is illustrate h 9 a ™ UntS 0f 

of B- subtHis 1A382, RB50: wSwf^^* 6 ^ detailed below for exam., 
production and ha* fho wk LMnrtf J 6 <H A ae ), is produced that is Hor flrt • * ^ ' exar npie, a mutant 

which rtWi Mn production hlv. V ,e ' mM <»«»» in a 14-liter vessel TErt > • P " Muoe 9,Mte ' 

t* >~£. a S 'ST * ? — •» - *-*- 

bacterium „hla in^- MOn of *• *otom. In a f irst aS« «,! " hl " a «« "Wei 

, ^arS? rib0,,avin bi ~ by tteb= ;: --~«; 

copies of a nudeic a Jd ^ V natUra,,y 0CC1 "- Thus, the to Tc^ °° L naturally occur - ^d/or in a 

on.y one copy th l 8 ^" 6 " 06 " e "9- a 8-n. or an opmin^^JST T in which two 

sequence « iS^ST"' * 3,30 inC ' UdeS bact ^ tSS^St " * "'** n ° rma, 'y ™^ 
bacteria are connoted 1, " ^ Whfch does not norma.ly Sude th at ° f 3 ""^ic acid 

s By ^gents^ ~ ™ -mbinant 

produced b ^ceLTar Zin * 3,50 '' nC ' Udes the P^JS re <; or " bi ™t DNA technoiogy, 

SnSt tird :f-Wi^^ which 

within that bXS^SSSTT Wi,Wn 3 baCteri - J2^J^, Pn i**» ™ y be 

contain modification^ wh£ ^ ^ ^1 may be modifications of such oroteL f V ^ ° f ribof,avin 

are not essenfiai to EE? *° ? e recom binant bacterium such as ISJ^T^ Chromosom al nucleic 
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r nprallv the riboflavin biosynthetic proteins are 

transcription units the express.on ^ ^ 

with that rib gene. !ude any nucleic acid which effects « ts 

other species or genera of or o*e ^ £SLSl with a rib gene. 

^KlTlZ^^Zls do not include ^^^^ 0 ^ five) rib genes and 

ros^e^ 

chromosome of the recombmant bactemim t ^ ^ he P^Xer^ns^ J 

expression; and the ^ ^associated with the SP01 phage, and/or veg, amy, 

regulated, or inducible promoter, such as on ^ & 

sensitive promoters, e.g., apr. , production is Skater than «™ ■ such 

W«d b «t^ *«n . 9 tfsoSw 'Wn « »™> "l^nS S^* analogs 
riboflavin synthase-encod.ng gene, OBF2, OHr . or Comyebac tenum. 

been transformed by a vector i » P tra nscription elements has been mr elemerrt s is 

rbS and RB58 are especially preferred. 
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bLcTerium' 5 8ritab,e and Capab,e of expression bTthl SST! °F2"* indudin9 said transcription 

naturalfy a-Sd^ wherein one or more transcription eiements 

by transcription eiements as specified. Su^eZ^^^T™* ° f SUch bact ^ have been repTaced 

- incudes ^ * - The method 

growth conditions. Such suitable" 21^^ mention ^ herein under S u tSe 
component of the growth medium and/or iJSZ^?.'^"*^ by ,imitin 9 th * avaiiabilitv of a 

.mrt.ng component is chosen from a carbon so ur c e nil * redUCed - ,n some embodiments S 

e.g.. m the feed medium). For example, Tm^ S a ' ° 9 7T 8 ' ° F 3 com P°nent required by the eels 

po ypept.de ,s meant biologically active pltl^j i b ° NA ,S normal| y P"*ent By recombinant 
heterologous polypeptide) having an en^TZ^ ^T^ 0*. not fused to a 
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those produced by B. sum^nsZe Tau^T^^ C °" (Which are P^abl the same as 
(nbosylaminoH(3H)-py rimidino ; e . 5 ' U X" ;'9 uanos '^ phosphate (GTP); structure 2 , £££££ 
pynm.dinedione-s'-phosphate; s tructu're 4 sSmJeS . 3 ' ^^^^hosylamino y24W 3H)- 

indicated are those encoded by B. subtil i S?pL2Snf ' The Synthetic en^mes 

or those proposed to be encoded by B. sSdSs fa * HZ r f " ° * SUbunits of riboflavin synSe) 
thT e i' SCh8matiC -Potion of ^S^^fT^ and a rib " W reductase) * 
1 r rr Sib ' e for riboflavi n °iosy^ pathwa * "cludng 

are .dentrfied by their gene symbols (E ca 1 , t ed ' The lndiviciua, Byrnes of the pathway 
Phosphoribosylpyrophosphate; GAR Jcinam L T" are as follows PRPP 
Phosphoribosyiamine; purA. ^J^TJ^^^ , ^ ^myitransferai; PRa' 

syntnetase, purB, adenylosuccinate synthetase; FGAR, 
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rt ,irF PRPP amidotransf erase; AlCAR, aminoimiu* . FAICAR, formamidoimidazolecarDOx 

Hb op.roe. Horrdldgv » the 54-me. probe SP« *M ° b|ack |nsl „„ rMe „, s pBR322 DN/ri 

Sid Mr. TO. hatched »« *™ d "^M. a.quenb. dl the 6.0 kb fragment to wheh the 

bottom diagram Is based on the complete ™*°»» ^ I by open boxes, with arrows .nd.caTO , « 
rib oeerori was localized. Open readied ,rm ^.;™„ tibosome binding sites. Probable e 

* —*<«.- ar»£ TfiSS*- — **• — °° s,tts a ™ 

S-To^na d. reddmbtoam ^-^tSTfj 
~ purine analog azaguanine biosynthesis using insertions and 

. ^^0" Sdudtor. 0. v.rldus . . ««M» •«£ ^ J ln me pB5m id dedvebv.s 

Rgdr. 11. Comparison dl ribd1lev.tr RB5M pRre],. (Ad.-). OldaSK !«« pgp-29 

ii^t^T^^ «~ Cosed cedes, 

using RB50::[pHF8] 6 o(Ade ). 
Figure 12. Construction of pRF40. 
Fiaure 13. Construction of pRF50. 
Fiaures 14, 15, and 16. Structure of various vectors. 
Figures vt, i , construction. 

K 8. SEiSiuSeo*!- -ed in ^^ISS^ are derived that contain one or more 
n the practice of the present invention 'J^^^^Mm^P^ 
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cell produces and to deregulate the riboflavin mShTSS ' nCrease the amount <* GTP that the 

1972, Kon.sh. and Shiro, Agric. Biol. Chem 32 MR loam • f Sh "°' A 9 ria Bi °'- Chem. 36 -isi i 
Agnc. Biol. Chem. 43 :1739 1 S79 - , \ 8) ' P s,cofur anine and decoyinine IMxB, ot li 

sulfaguanine^-thioguTninepebaS V G in Sj » J 9 "? Bi ° L Chem - 4 3 :393. 1979) £££n le' 

tests; rbSfb™*^--^. by ~ pv * ! des * s 

product,on. .ncreased amounts of | MP are avatble 2? rib! 8 . m !. tabo,ic P ath ^/ other than riboflavin 

S3S bSF~ s£ 

present .nvention. The guaCS mutation prevents Si r-nn * f~ are inc,uded withi " the scope of the 

a, in a ^S^R ^cS2££ J""? * — — in trie 

YeasT? k laVm t****** genes from various SSrfe c? h 'T^" of atrophic mutants, 
m oo S » ena i Ce " S fr ° m Species inc, ^9 but n«eS to ^ ? USe the ^« invention. 

Ltd. Oxford, U.K., Vol. I, ||). (eA >- 1982 - ^ Clonmg: A Practical Approach. MRL Press* 



EP 0 405 370 A1 



. two r.nfiar DNA fragments can then be 

307-329 1982; Horinouchi and We.sblum, J- Bact er ou to mfe ction. electroporat.on, etc. 

n e r 1977 Science 196 :180; Grunste.n, M. and Hogness u end0 genous rib operon, or 

V L L a aeH oduct known to be encoded by the operon of * 1987) can be the basis for 
, would fall within the scope of ^.' x ^ , ^dWc^ sequence shown in Fig. 3. . 

riboflavin overproduction. mrtteru i es that include the isolated rib operon or a port.on 

Once the host cells with recombinant DNA molecules that in^ ^ ^ rjb operon t be 

'^oloned DNA correspond^ to the £*^b£E&M17>. Northern hybridization <*» 
,o Southern hybridization (Southern. EM, 1876. J- MM. _ 
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respective.y. As descritS ^ T m °' eCU,ar We '" 9htS of ab °* 15 « 47 Td 26 «rt fJ 6 JT 
upstream from £ * < *"« W f h determined *> b. probably th appLm A Pnmary 5ite for ini «^n of 

Depend' en 9weered to maximize ribofjavin 
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certain promoters can be elevated in the presence ^o t _ the reg ulatory reg-ons of the operon 

engineered rib operon proteins may be co J^J^toT regulatory sequences, can be ™"'P ulat ° d °' 
such as the promoter and the »T?«»%£^^ deregulate the rib operon and thus .ncrease 
Replaced with constitutive or growth-regulated promoters to 0 cgn be cnosen t0 ensure the 

Snavin production. Furthermore, a PP;°^^ 

desired modification and process.ng of the expressed pr 

the scope of the present invention. , sequence of the B. subtilis rib operon can 

one specific embodiment of the invent-on. the 5 regulatory d ^ g constructi0 n w.ll cause 

be removed P and replaced with one or ^^^^n* involve the introduction of new 

Kiss k r rsas 

(amylase), and apr (subtilisin). • fragments which have transcriptional regulatory 

In another aspect of the mvenhon. rib operon dn a heterologous gene products 
activity (e.g.. promoters) can be used to regulate th ^*J»£J ^ introduC ed into bacteria, mclud.ng for 

^s^s*™- is *«- 'Tr^xrssr^ 'a™ o„ **» * . « »•««■ - 

amplification of the operon, as detailed in ^*J*~~y!j ^ ogQjimg with the aame technique. 

Sterner aug resistance genes that are express* I in BeMus ^ M . n9 , neered so 

Sodiment, overproduction of tfboffavn, is ^*££££>U™ fluorescence. ™ examp "' TZ? 
mu llnh, at 3f56 ran, as described Infra, producing an ohseraarae, y o| (hese p | M m,ds, 

„ Z e'leeS plsrnids o. ft. present invenlinn ere produced MP Ec* n . be 

" can he yjjj. "£££5 ST- 
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a5S?~ at hig , copy numBer in 

J? sucrose - acid ^2.% Carb0n «~ ^mpTe 

extract, corn steep | iqu0 r, ammonia and/or Protein tZT >' Var '° US nitrogen sour <*s such as yeas 
parts of these media ingredients in such TZiStSSS ? U8Bd ' * iS ' h0wever ' ^sentiaTto add 
oxygen starvation resulting from too high a JSon 2, ™ unfavora °'* to riboflavin production (e o 

and conditions suitable for use are detaNed betow ™ C ° ncentration ) « avoided. Fermentation media 
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clonmg and engineering the genes of ftTriS?" * b( ? av,n produc,ion «" increased S by 

obtaining mutants resLant p SJSLC^?" 6 ° Verpr ° duCtton in * «*». can be ac iev d b ! 
such as methionine suboxide (see e g .shi^and " decoyinine, and other antagonists 

al-. Agric. Biol. Chem. 43 (8) :17 3 tl744 ™ 5,°! t « B, ° L ^ 2! < 9 > ^1 1-1522, 197 Ma,su e 
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at a concentration of W^^Z^^**-^ Chemica, Co., St. Louis MO) 

-n 10-. Ethyl methy, sulfonate (EMS; S^JTS^ at 3 fre <W of less than 1 

of azaguanine-resistant (Ag<) muta*^°S24^^ , ^ # Wad f " mUta9en t0 increas - *• ^quencj 
standard procedures (Milier, 1972 ExDerirTSL . Performed on cells from B. subtilis strain 188 hi 
Spring Harbor, New York). Afte' pfaTng 4 Tw muf T*™' C ° W Sprin 9 "arbor LafcJl"' 8 ^ 
Bact 170 :5557, 1988) containing 500 ug/m, vLan^T ° n minimal ™°ium (SlonWal j 

resuited. One mutant, RB11 (Ag^-n, ^SSS^S^^ ***** ^ ^ 

Decoyinine-Resistant Mutants 

of the Ag jjd De Mutate 
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<* th<* Ao r and Dc r mutations were 

tryptophan) revertant colonies were selected, wrih «M (trans{ormation of a second unl.nked 
An' This result was not unexpected since, due to c y Qf uanine . 

DcVAg" colony (which was also found to be h.s ), R 



75 



further study 

Methionine SulfoxioVR^^ Mutants 



20 



46) was selected for further study 
25 Roseoflavin Resistant Mutants 
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Roseoflavin nesisi^ mu^~ of them 

Mother chemicals was not necessary. f th described above, 

. - = ssrwass m . - 30 * — ::i 
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^"^^ „ Knn . Qjp and thu s riboflavin, is guac3, 

Another possibly important rnutation for acnieving ^ uct a strain containing guacS 

^ prevents the conversion of ^^J^S^S cells (guaC3, tr P C2. metC7) (Endo et a... J. 
that overproduces riboflavin, competent B. subW.s 
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one was found that exhibited the riboSn overnS , r 200 „ co,on,es w hich were patched onto DC plates 
*P. This colony was design^ RB52 SEftS meTc^n ?£" " W nee), and was 

subsequent study. l9Ua ° 3 * trpC2 - met C7. Dc'-15, RoF'-50) and was reserved for 
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Other Analog-Resistant Mutants 



^p^^ssrisrrss set- * ,so - - — «° - 

overproducng strains. It was determined that So o/mTS « *° ,nvestl 9 a te their effect on riboflavin- 
mg/ml of sulfaguanidine (Sigma) effectfvely^il^^ 1 m 9 /ml of 6-thioguanine, or 2 

overproducing strains RB50::[pRF8]s 0 and RbS-SSfST h ^ ^ aza 9 uan '^-resistant, riboflavin- 
to azaxanthine. A.though separate azaguanin Sd Sh Z^l^ f ° Und t0 be a,read V distant 
have been described previously, in this case ?h e S T '"^ff ant mutatio "s with different properties 
azaxanthine resistance. 0356 the Ag " 11 and A 9 r -53 mutations appear to also convly 
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^Aj^ofribofJ^^ 

-PSK "cor t SrM C S~ e ~ ^ ~- Riboflavin 
fractionated over a 4.6 mm x 250 mm Vydac £l column"? .^ pematants fr °™ strains to be tested we e 
At injection, the column was developed wS a in ° r ^ Ul,lbr8ted with 1% ammonium acetate (pH 6 oT 
-nm. Authentic riboflavin .e. riboSn 

Example 2: Cloning B. subtilis rib operon 

sequence of which „as pat , a „ y d „ jved ™' h a s f n,te >'» o«sonueMd. p»„ to , the DNA 

^ ^nsyntbase (Ludwig et a , , ^ C^i'S^J ! S~ ^.-^ 

262 :1016-1021, 1987). The third nucleotide of 2 ZEZZ 1 * T** by LUdWig 6t al < J " Chem. 
made of the most frequent codon usage of B SU Mnf ba ^ T Ch ° Sen accordin 9 to estimates 

Tole^p" 

EcoRl-digested chromosomal DNA '(Sou tan, ^JT™**" to ™™ containing 
mutant B. subtilis strains. The probe strong y hybridfeed to^ i a?I 5) iS °' ated from ™« the 

£T S? ^ ~> DNA ' wnich ^ 9ood freemen 2^° "5 ?° ment ° f EcoR '<"^sted B. 
fragment (Osma et al., FEBS. Lett. 196 :75 1986) ^1^ f?* 6 * Si2S ° f tne "b-oontaining 

T n J he A Pr ° be WaS hybridized * «o muaurtTLSs^S n 'TV?' 9 '' dentical Si2e was da ^ted 
(pur-60, Ag'-1l, DC-15, MS'-46, RoF^SO) the t^'™' Ag 11 ' Dcr - 15 - M S r -46) and RB50 

experiments were repeated using t ch^mos DNA whS T^' TheSe hybridi ^ on 

smaller, s.ngle fragment of approximately 1 8 kh tnfcTn ' T Ch re5ulted in tne P ro °e identifying a 
location of the rib ^ynt^ZerontL L "cloned fit ^ ^ h dete ™ ini "9 *e general 
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, ^ + DMA were isolated by sucrose (10- * 

pBK290 (0.26 ug . that had been P , y 10 ng of l.gated DNA was esistant <j c <) 

Ruction enayma «*» "^"Sid « * »«"•. ^CtT» S>i»r, 10 Kb 
prototrophy at a high frequency. 
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^ Prom RoF r -B subtilis Strain RB50 

^ - - nss - ^zx^^f 
iSS rr,E?s* pBsmia DNA ^ « . - ^sr s 

e ™ me ,f„Til » E™« inserts. A***™*. » °°'^ dte *™. Six colonic 
60% contained plasrtnds «* 9 11m , 1DO) »»in synthase gone by colony ' to ^ by 

„ sap-iabelled 54-nn.r probe spec* w » * ftom » of these s» ootaj tluely . 

E^iiSE^^^"— .. daRoPmu tantofB.sub«Hswere 

c!o ned as identical 10 *b EcoB JJJ^JJ diagramrn ed in fig*. * T^ nUcduce *^ 
of these recombinan » P^^Tb. subtilis in multiple ^^£^1 subtilis chromosome. 

ss^^ dru9 concentrations of 

chloramphenicol. 
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fragment from wild-type or RoP R 

Mol. Biol. 1667 557 1SV * " 9ated DNAs the " transformed^ p 9 ~ ° at9ene < Yo "ngman et 
Cm' co.onias 00**^ ^° *™ P ' asmids Wmtata et al^rme? L> '^P^' distant 

overproducer RB50 (Ag'-n nJ? ^ * Bnsfo '™*l into four different B «„^r 
RB50 parent 1A382 and i S75 f' MS 46 ' R ° F - 50 ^ th ^ ™50 p^^S the 
transformed with P RF4 or P R% \ h t COmm0n laborator y strain. Ketem - 1l ' Dcr - 15 ' ^-46), the 
tion of protoplasts (Chana and ST P ' aSmids were '^^^62 D J A382 Ce,,S were 
integrated into each J = tneS f 0u ? °'' ^ Genet 168 ^5 19m Th R D B f by transforma - 
chloramphenicol concentrates T™ W9S amp,ified "5y select no fof rl P u RF4 ° r pRF8 DN * 
of chloramphenicol. t,0nS - eaCn strain - we were able to obSnZlZ^T 5 ** 9r6W at h ^ 
I" addition, RB52 (g ua C3 tm r, 9reW UP t0 60 "9'™' 

t-r "jso, ii> given in Figure 7. 



5S522!5 * R[boflav|n Overproduction by Strains Cnnt ■ • 

' — ^ Oontajnjng pRF4 or pRF8 

RB50 ^nt a inin. _r.^. ~~ 



RB50 containing P RF4 or DRFft w . 

TABLE I 
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^^25!I!ON OF MEDIA 



RMM 



Sodium glutamate 

Casamino acids (Difco) 

Yeast extract (Difco) 

KH 2 P0 4 

K2HPO4 

(NH 4 ) 2 S0 4 

Sodium citrate 

MgSO*.7H 2 0 

Adenosine 



2.0 
0.2 
0.2 
6.0 

14.0 
2.0 
1.0 
0.2 
0.05 



Maltose 



(adjusted to pH 7.0 and 
_ autoclaved) 



15.0 



(added as sterile 20% solution 
after autoclaving) 
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opa nmnlified by selection for 

[pBF4] 3 o). At 24 and 48 hours, sup ooc Q .. rD RF4] 9 o produced 0.7 

r=S?r: ~- - - - rtb 

amplification, such as RB46 and RB50. 

TABLE II 
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15 



Imitative analysis of 



20 



25 



Strain 


Culture Time 1 


Riboflavin* 


(hours) 


(g/i) 


RB46 
RB50 

RB50::[pRF4] 3 o 
RB50::[pRF4] 9 o 
RB46 
RB50 
, RB50::[pRF4] 3 o 
RB50::[pBF4]9o 


24 

24 

24 

24 

48 

48 

48 

48 


0.009 

0.02 

0.1 

0.4 

0.007 

0.05 

0.3 

0.7 
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thesis. 

Example 5: Kna^theRo^M^ reduction phenotype. To 

— - F ,o — - s*s=ssi - — 

tevets of riboflavin (J*^* ' *StS*S fragment. Wlore map in the re- 

located on the cloned 10 Kb Ecoh no mutation wh .ch has been repor deterrni ne 

reoressor-type mutation, possibly m nbC. a rep Genetjka (USSR) ^ .1569.197a). 

50 . a. *■ Usina CAT insertional Mutagenesis 
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and left-most Bg|||(Bg||i l)sites 

in normal i_ . 



I wt logiiiij sites. 

£5??* ~* — 

io fragment of p2c. ^22!?L* ,,TO * COntainin 9 cTg2 1 , ^ ~ " ^ ^ 

replicate in B. subtilis an T he ' Se,ectin 9 for c ™'- Because S^Bmpp f Strain 1A382 or 
locus, the cat-con^ nl„r 9ene is bound ed on both sides hv MT ^ rep,,con is una °'e to 

inactivated rSS^S? **** ^ ^sformams. To ^e^TZZZ * * ^ ' 

.to the 
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TABLE HI 

B subtilis. b 
a -'^TWlavT" Ph^notVPe 

b xnsertiaa Native. 

A(XbaD + 
r ND 

1 

io B(SBtlL^ + 

" ND 

1 

C(SStlR) 

r 

15 1 

r 
1 

20 E 

1 

F(BSIHr) 
E 

1 

25 G(Haelll) ND 

c + 
1 

H(EcoRV) + 

c ND 

30 1 

noietion rl Privative 
Bgl 

35 Z 
1 

Nco + 

E + 
L 

r.SUU'S'Si SSU'tU in a. 

„ b. S ««»i« . S «t» lf S3 (««-. ^- 60 ' 
hisHZ) or PY79 (SP fl . rib ) 

U o's kb Nco. wgmem « ol » -M most' '^"Ca^nt^* *• <«° 



40 



45 



50 



55 



19 



25 



30 



35 



40 



SO 



55 



EP 0 405 370 At 

adds, ORF 4 (215 amino acids), ORF ,361 1 ^ SymhaSe < 154 ORF 3 22 -m ! n0 

preceded by a strona Barm,,* 1 ( 61 amino ac 'ds) and ORF b mur 3 <398 amino 

enzymes, with £ rlmafn ^ ° RF 3 ' 0RF < and ORF 5 ^ ° HF 5 ' ° f which * toast 

deregulated S su t, mSerti ° n did cause a detectable reducLn f ? ' S Strai " (Table m ™* 

inactrvefor riboTavLmH? ! ^ RB52, '' ndicatin 9 *at the « oS F * e roduc «°" in the 
4. Two DMA Pr ° duct,on - T "e results suggest that ORF 9 7 2 Qene product w as partially 
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Strain (integrated plasmid) 



• lac 



B.subtilis 62121 (Pv 
Z a ) 

B , subtilis RB52 (Pi- lac 
B.subtilis 621 21 (Pi-tec 
B , subtilis 62121 



+ Riboflavin 


- Riboflavin 


12 Jig/ml) 




1.3 


4.2 


31 


38 


<0.1 


<0.1 


<0.1 


<0.1 
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a pfand lac Z orientated in the same direction 
b p and lie Z orientated in opposite d.recfons 
Ba ed on^ese results, this prornoter P, . ,s a pnmary 
promoter for transcription of ORF 6 , ORF 4, ORF 3, 
a-riboflavin synthase gene and QRr <l. 



51 may a*,* «*» ^^,5*°,°^ analysis con«,med .he .»s»nce of « 

riboflavin synthase- oene and ORF 2. U« 

rrSS PNA soouono.. TTGAAT-(f 8bpV-TAAAAA, ^S^SSSA t-i" 
foim) of B. subtilis BNA polymerase »as 83 „„ upstream o, ORF 2 and 

transcription of ORF 2, in addition to P. and P 2 . reactions of the cloned DNA confirmed that 

rn^-rs— ; o, « - p— - - 

orf . - or : 3 

4-phosphate. was identified between the putative product of ORF5 

b A 39% identity in an 88-amino acd overlap ™™ b tne E . coli bacteriophage T« - 

and deoxycytidylate deaminase, a « Ss^ORF 5 most likely encodes the 

Matey et al.. J. Biol. Chem. 258 :8290, 1983). Based on 5 . amino . 6 . (ri bosylamin 0 )-2,4(1H,3H)- 
Lspecific deaminase that <^ 2 £jZ£ ^; o sy.amino).4(3H)-pyrimidinone-5.phos P hate 
pyrimidinedione-5 -phosphate from 2,5 d.am,no 
(Figure 1. structures 3 and 2, respectively). 
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c The predicted molecular weight of the ORF a , 

SLe wf- 1" 5Unit ° f *• rib0f,avin ^wJoSK C ° nta ": S ° nly tW ° COm P |ete c °"ing 
AsjWnt of rib K P^jh 
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TABLE V 



70 



75 



20 



25 



30 




pRF2 
pRF4 
pRF21 
pRF5 
pRF29 
pRF12 
pRF10 
pRF38 

pRF24/pRF20 
pRF23 



■ e d to ORF 3 (47 kd); ORF 5 (44 kd); ORF 4 (26 kd); 
iTaddition, ORF 1 appeared to encode a ko y 
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Regulatory Mechanisms of the rib Operon 
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conditions, binding of the una ^/^ region of the operon. er , 
causing read-through of transcription in the nb leader 

As discussed above, the most I kely site tot Preliminary analysis of the iknm 

P 1 .loo^^»*'«^yJ^Sr;* the structures required for regulaton by 
sequence indicated that it contamed most, if 
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20 



terminatjon/anti-termination model. Within this reninn a * , 

thymines resembling a rho-independent VrLSl ♦ Stem "'° 0P StrUCture fo,low ^ by a string of 

hST ° f ° RF 5; tWS 5eC!Uence ^ pSXormT^ W3 l identifi6d ^imafeiy S? bp 
In addfton, several potential stem-loop structures St? lr™ P ' n W,th 3 AG of " 26 k ^<no! (Rgure 9) 

In !l£ 5 ,Saderthat COuld PO^SSSTJSi ^2 fr0m - 13 to -16 kcal/mo. were Sate " 
In addition to the primary site for thl V terminat or sequence. 

gene in the operon, there eSttso^e bi C^lT^ ^ ^ «™ the first 

Eternal regions of the operon. The Po^m^TZeTl l^^ Pr °™ Xer sites '^ted wi to S 

7 -TsTgSr" ? PrSViOUS R -' 00p h ^oduX 'o the r o oer°n r SitS WiWn *» rib ^ - 
•/& 78, 1986), showing two or more sites for th* i J T , peron (0sma et a '- FEBS Letters iqr 

the mtercistronic g aps of the rib operon Sid not d^ff k mRNA SyntheSis " 0w ******* wtatfS 

TABLE VI 
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CODING REGI 
TERMINATION 


0 ^ S P<TS M0TER ' AN ° INSCRIPTION 
SITES OF THE B. SUBT(LJS~R(B^PERON 


Coding 
Regions 


ORF6 
ORF5 
ORF4 
ORF3 

£ riboflavinsynthase gene 

ORF2 

ORF1 


bp Number a 

364-678 
1101-2183 
2197-2841 
2859-4052 
4088-4549 
4665-5036 
5567-5057 fa 


Promoters 


P 2 
P 3 


771-799 
2528-2556. 
4545-4574 


rho 

-Independent I 

Termination 

Sites 

3 of Rgure 3. ~" 


Upstream from 5 promoter 

Within 5' leader RNA 
At 3 end of rib operon 


708-748 

1034-1067 
5038-5090 
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The above functional analysis of th* rin 
regulatory regions and open reading rames in ZZZJ?*" f ° r the first time limiting the 

wh,ch are useful for increasing the yS o r oofE h SeqUenCe ^^construction of new vectors 
specific genes required for riboflavin" Zw^lT^T ^ 0f *° ^*™ « Te 

other relevant regions (e.g., RBS) in those^es alt ^ ^ ° f tran5Cri P«onal control regions and 
a few examples of such manipulations. 9 * a "°" 8 Chan9es ,n Such ^gions to be made. There foltow 



Construction of an integration plasmid with a rih ™ 

iLJ™™* anb operon on a smaller DNA fragment 
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10 



15 



containing 40 ug/ml X-gai ana y ,_ EcoFU fragment. E Rl frag ment 

indicated that pRF39 contamed the 6^5 Kb X ^ ^ then d t0 ^6 ^ 

pRF39 was digested I wrth EcoRr w transforrne d into DH5a E. col, P nicol . resista nt. 

these plasmids is pRF40 (F.g. 14). 
«* constrUCtS Ca " 2? £ in the invention, are provided below 



20 



25 



wnn piuiuu^— — - - , t nroduce Da^oi.o. 

such constructs can then be useo p are provided below. ^ an 

O.igonucieotides were synthesized , (RB6 and RB6 t P"*"^^* their S 

Btfll site (the first few ^^1°^ of the proposed DNA regu a tory *ruO J-W t Qf 

the 5'-end of the operon stopped be \ 0T ^ ^ ., and EcoR | restr«ct«on s.tes allowing h wgs 
Tnris the oligonucleotides contamed BarnHl, NSti, an restricti ons srtes in the r.b operon 

S£ ; ce..s and plated onto LB con J^ 1 «^ -W oW is pRF46 (Rg^ then 
fro m Ap< white colonies; one -P^^ *f and the 1.4 kb fragment .solat^ Th, M«Q* * Lee 
nRF46 was digested with Bamm anu o n K, H2 n2 (pUC8 containing the w ^ h 

transformed in DH5. ^.f^Z ^ M * 13) ' nt isolated This fragment was ligated 
from white colon.es; and ' P P * F48 ™° ™ Sa „ and the 1.8 Kb fragment isolated. Tms 9 Ec0 RI-cut 
nRF48 was digested with EcoRI ana oa» operon) from pR^ ana ^ . 

pBF4o wa& y { ment (containing the rest or me k lated on LB + 

with the 4.0 kb Xba, - Sai y rag ":Vth e n transformed into E. coli DH5a me desired structure, and 

= SSaSSSassaasa ts s - - 
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18) The SPm « 4 and P ,ace d an ECORi site at that i Z I ,' eated the sequence from the 

to plC20R (Marsh et al' GanfL fn"'* 9 ™ fra 9 me "t containing the ORF4-ORP* f,. 

medium + A mD «nS v T ^ The "a 3 " 0 " ««* transformed intn * r n 9 3nd BamHI site s are 

PRF63 had the tel . . C9 " s ""^ o»'0"i«s resuted ,„7ZZ " '' 9MM DNA »» 

Nora .o JlbS?, ST?™' Tte «» * OW-B=n,HI Som^J'S^t'* 8 * 8 lndicMM *« 
* operon = n dSl£r^^^ a9mSnl fr ° m " R ™ containing iSTsmTS * en ,rom pRFe3 «< 

P»PM«l; pRFeThM I. ° NA was Wwfamwl Into E Dm fi ° P8, ° n - d ' 9esKti <• 

bPOl-15 promoter after ribPo tho « * . i! V 1 peron Wlth the natural or wild-tvn* ri ho 

TA-to-CT Changs which „2J i" re , v8atea a spontaneous mutation of the -to J,?! a,d t 0NA sequence 
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region upstream trom ^^FSmS* molaoules «r. i ««"" :s<l ^ Lc.mbin.nt phag. -as 

the 750 bp fragment .solated and the ^rag ^ w|d . t lb 0P er0 ^. % sistance> 

0 DBF39AR1 (a plasmid derived from pBFW. Fig. transforma tion. selecting for amp»r 

„ region traoma* « ^ JCd to h-t» «» """^^ K»ai r.aaio.ion 

coding regions ORF3 and W™. active ribPl promoter (Fig. ribP , pro moter. In other 

of the modified rib operon in P RF78 witn i a containing the «*W*^P d int0 lhe 

procedure described above *** downstream from nbP, was mse t 

«^,wdI\; fFin. 14). 
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30 



pRF89 respectively (Fig. 14). 
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Construction of Ad£ RB50 strains ^ & fermentation 

medium as PO^"a .Su*i « » e *^ oallBa rtD oparoos waro^aaootao. ™s. ™ ^ 

Plasmids pRF8, pRr-^u, P^r k bt - n selecting tor cnioramn nrowing bacteria 

termed into RB50 (a «J«* of each ^^.^"JiLl agar 

colonies that grow on increasingly h.gher 
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Second site Integration g cnrom0SO me 

The above desenbed vec «. h av * a ^ jt „ preferable to have a ^ 

be used (Perkins and Youngman, J. Bacter.oi., ___ 
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coding region of bpf Se D^wLTT' 1 " 0) Was di ^ ^tSSlS £^ ^ PKT2 " 
'0 had been blunt-ended SL . e " ,l9ated t0 a 2-4 kb Eco Rl ♦ ' S EcoRV site is the 

riboflavin syntheses r£ T W " h EC ° R ' and then transformed into B 5? ** ° f bpr) was 
bpr will function 1 a £££T 3 " d one such colony wa?Sl2 rbL ^ Strain dere 9 ul ^d for 

To ensure that ^£22^2 ** the ^ - 53l ^ ^ ,nto8rated tet at 

ohiorampheLr-resTic" In NC °' and Xbal Action stes are £™ T 0peron ■* 

delete the ohrlosota, ^ replaced b V a 

selecting for SSSSU ° Per ° n by tra "sforming RB54 Lh „ ' ^ P ' aSmid is then use « to 

*P«£S?^ 3 recomb ™t event 

vitro-generated ribofSv n on ?* 6Xamp,e 6) was us ^ to geneSfa p °PV containing the cat gene, 
flanked on XeTeZZ T°" ™ S P |asmi ° * derived fron^ D R F f wT P ' aSm '' d COntainin 9 an "> 

next to the TtSZ ^ **" Ste 'ocated up T?"* ° pe ™ is 

from the end of the oolrZ ! 9mem and tne sec ond site locateo^nn, " 6nd ° f the rib °P er °n 

and ligating the cut dnT > & Cat 9ene is 'verted outside of mTrJ™*™* 1 " 8 kb downstream 
recovered there a V 2 kh m CU,eS Under dilute ™A concentrations a^"' V' 9 ^ 9 pRF34 with Xba, 
the cat gene P laS mid pR^T "*!*** the oj*^^^^ P ' aSm '' d - PRF82 " was ' 

and can ^ZffZ^ T™™ ^™* 

modified rib operon intend T* . ] * se,ectir >g for Tet'. These rsrei^nT . 8 was P re Pared 

be amplified of the * operon and at bT Gn ° * "™ haVe the 

described above and L ' ** 9r ° W in the P^nce altoa^JT"^™ * rib wi « 

leasing * * ° P '™ *■ b * a «^ " 

fi^o^Fermen^ 

~Sir^ vesse,s in «~ 

~er by 

A culture of B. subtilis RBSO-mn^, ^ not in ' the 

60 ug/ml of chloramphenicol (CAM, Sin ** ^ °" Tryptose BI °od Agar Base fTBAB m » 
riboflavin minimal medium mSVnnt S WSre transf erred to 300 ml baffled «ii A ^ ° 0) C ° ntainin 9 
extract (Difco) 0 2 nfl B « ' conta,n,n 9 sodium glutamate 2 0 oA rl! affled ffasks containing 25 ml of 
MgS0 4 .7HS 0 2 of J 2 ° 4 6 -° 9fl ' K2HP0 * 14.0 gT (n£? "cS ^ acids ^o) 0.2 g/l. Yeast 
f-asks wereSu^ at'So^ ^ ^ S 5%"S » ift.'SS' ** " 9/l ' 

c ~o^ ^o er 8 - — as- - 

~ 3 fr ° 2en ^ ° f RB5 ~ - — at 3 7 » 0 and transferred 
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production as compared » ™*» tTanUintot yeast ««* "^T^^SwhydLd. in pH 
Itavever, because ol its high cost. We mm r n]um „ ydr0 »de tor sodmnM ny 

ST expensive, inorganic W-^J^TS. feed and resulted in an ,«e» "J*^^ ,n 
control ellovred a reduction of yeast .abaci F .rmentet.en Mee _«er^ »!» , 

production end . t«^«*|Jf£ "LibV to, ^„esine ^ired b, ore strain, in 

order to minimize its .nhtaton of eanw , y . p gQnerali RB5 0 st a.ns w hic 

the reverter*. RB50::lpRF8] 6 o(Ade ), oia n m ribo{ | a v.n than rts P aren ^ a T b)e VU) . m 

onetrated using baetedel *»"%» a '^™ R W<bal teatriotion fragment. ™2?£SJ^oX> «*" 
„ M .,»pe riboflavin operon .on . 8f 1* Ec. , tr.necrrpW*^ ed nb^P ^ 

Se riboflavin operon through the removal of 9 ^ 
constitutive exogenous promoters leads to 
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TABLE VII 
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Component 



jnjtial Charge (g/|) 



Glucose 

Corn step liquor 

Hy Soy T 

Sodium giutamate 

Amberex 500 

KH 2 P0 4 

MgGI 2 .6H 2 0 

MnS0 4 

Adenosine 

MAZU DF37C 

FeCi 3 

CaCI 2 

ZnSO* 

CuCI 2 

CoCI 2 




Amberex 500 
NH 4 CI 
(NhUfeSO* 
KH 2 PO* 
MgS0 4 .7H 2 0 
DL-70 syrup (as DS) 
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TABLE VIU 
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(g/liter) I 


Initial Batch 


Yeast Extract 

Glucose 

KH2PO4 

MgCl 2 .H 2 0 

CaCl 2 .2H 2 0 

MnSO* 
FeCl 3 .6H 2 0 
Mazu DF37C 
Corn Steep Liquor 
Sodium Giutamate 


20 | 
25 

7.5 

1.5 

1.0 

0.05 

0.025 

2.5 

10 

5 _J 


Feed Medium (3 liters total 


used) I 


Glucose 
NaCitrate 
KH2PO4 
Succinic Acid 
MgS04.7H 2 0 


583.3 
6.67 
15 
1.67 
1 .67 I 
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40 



. -«i * R 65 liters of batch medium and 0.35 liters of 
Briefly in one such fermentation the starting matenai s 6 65 Mersj & 

, ,ppc!0' rnRF50l6 o Ade ) inoculant. Oxygen levels are .^° n i + 5<>/{j by mea ns of computer 

reguiaed addition ol the fa* m f?'" ro s I° B ' ^9^. snd IsrmenW pressure is I* I M Mrs 

increases production .evels of riboflavin, 
nflposit of Microorganism 

BacHlus subtilis strain BB50 was deposited on May 23. w lnternation al Recogn.flon of the 

Co,,e"BRL), Peoria, HUnois , under *S££^ m * was assigned accession number B 
Deposit of Microorganisms for the Purposes 
55 18502. 



50 



Claims 



31 



EP 0 405 370 A1 



30 



35 



40 



45 



th.s nucleic acid sequence. m ° re elements not naturally associated with 

sequence at one or more sites wTtnin fc jZ,™ T 01 a " ««>9«nously Introduced nucleic acid 
Mosyntnetlo proteins end is henSL i? fl ™T°, T "*"* s9t,umce • n «** °™> or mo"e itoflS 

9. A reoombinont bacterium comprising , becledum wrZ 1. ^ S " Ch nuclslc aoid sequence. 
> any on, ot olalm, t-7 whereby al leas? „" ™™ sad ™,5 - formed by a ueotor acoording to 
elements has been Imnaduood at one or mo^Z , wiMn T% * SeW " :e includln ° saW transcripbon 
moludmg said transcription elements is tartlbTLn " 5dh ' om ° s °™> and sold nucleic acid sequence 

transcription elements has been i„„„ Su ™, , ™, 9 " 10 Whe,e,n " ,d acid eeqoenoo Including said 

12. A recombinant bacterium .ooordi„ , , ° S "* ! 1,5 d"romosomo 9 " 

tor riboflavin gene expression. ^'"^ * <"» »' « <° " herein e.id beotedum ie deleted 

^^SS^SS 0 " V " 8 B 12 «"•«* •« beotedum ,e en E co» or 

« A ^r^r^r h ~ - * — * -SO o, RB58. 

* ZSS^ZZZ?*? «-* »— — ■« sr. oheuecteriaed by „n*g 

*"-*« b«eL, ™ d """ " S " h * -V <* "-bin condition, tar Cj^TS 

-ps^iisaBr is — - • — — 

component in a, eedmeLm 6 ' '" h ™ n ^ " ml ""» s '» Ming introduction of eeld 

20. A prooeso aeoordin, to oteim ,g. ..herein e,id component „ „ ocos , „ , ^ ^ 
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OH W 



OTP \ 
cycloUydroWv; I 



®0H,C 



V/ 2 



OH OM 



0» °« 



H-C-OH 
H— c — OH 
H-C-OH 

CHiOH 



H-C-OH 

H-c— OH 
I 

H-C-OH 
Ctt.OH 



y3 tnUumif" o*^ 



reductase 



ex 

H-C— OH 
H-c —OH 
h-c— OH Lj 

CH t O® 
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(^CBTCCAGCT6A6WCTCCTA6G666TACCT6TCGCCATT6EC60AA . , , t s , f v < y P 

nut _ _ i . i f t k * « \ * V .-.list 
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FIGURE 9. 
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FIGURE 13. 
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FIGURE 15. 
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